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This report was prepared by United Aircraft Corporation, Sikorsky
Aircraft Division, under Contract DAAJO2-71-C-0009,

The program was a flight investigation of wing-mounted speed brakes as
installed on the S-67 winged hel .upter. A computer simulation study
was inciuded to determine the cffects of increased brake area, variable
stabilator bias angle. and asymmetric brake deployment.  This pregram
is one of four flight investigations conducted on the S-67 winged heli-
copter. The other three flight investigations were concerned with a
stabilator, a force-feel control system, and aircraft maneuverability.

The wing-mounted speed brakes on the $-67 aircraft increase the dive
angle and reduce the fusclage attitude relative to the flight pa“h.
At 140 knots airspeed, the increase in dive angle varies from 5 to 7
degrees dependent upon the initial dive angle. At 160 knots, the
increase in dive angle varies from 8 to 9 degrees. The aircraft dive
angle may be further increased by allowing the aircraft to accelerate
during the dive. The amount of rcduction in fuselage
to the flight path varies from 4 to 5 degreecs for all
120 knots. The speed brakes enable the $S-67 aircraft
in level flight from 180 to 140 knots in 9 seconds as
seconds without the use of brakes.

angle relative
airspeeds above
to be decelerated
compared to 24

The report has been reviewed by this Directorate and is technically
correct.

This program was conducted under the technical management of Mr. R

L VI
Dumond of the Applied Acronautics Division.
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ABSTRACT

Under Contract DAAJO2-T1-C-0009, Sikorsky Alircraft conducted flight tests
and computer simulations to evaluate speed brakes for a winged helicopter.
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The flight test program established the effectiveness of wing-mounted
speed brakes for increasing dive angle, deceleration carability, and
maneuverability of th: Sikorsky S-67. In the configuration tested, six
brake surfaces operated tcgether to increase aircraft drag by 155% while
4 reducing wing 1ift. With these speed brakes, dive angles could be in-

@ creased from 5 to T degrees at 140 knots dependent upon the initial dive
4 angle. At 160 knots, the increase in dive angle varies from 8 to 9

E degrees. These increases in aircraft dive angle due to speed brake ex-

tension can be further increased by aliowing the aircraft to accelerate
during the dive.
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Dive characteristics with and without speed brakes extended were obtained.
A dive envelope defined by control and airframe stress limits was estab-
lished that provided = broad dive envelope of fcrward speed and collective
settings to achieve various dive angles.

Above dive speeds of 120 knots, th- brakes caused a decrease in fuselage
o attitude to the flight path of L to 5 degrees, for a given dive angle.

:ﬁ This, coupled with the steeper dive angles, improves the aircraft's

B capability as a weapons platform.

Speed brakes enabled constant-altitude deceleration from 180 to 140 knots
in 9 seconds as couwpared to 24 seconds with a clean wing.

The computer si.zulation prcogram examined increased brake aree, variable

3. stabilator bias angle, and the consequences of asymmetric brake deployment.
; Steady dive angles of 30 degrees or nore were possible with increased

brake area. Following any configuration of asymnetric brake deployment,
there was always sufficient rcll control power to restore and hold trim,

E a.though some deceleration occurred due to collc~tive and/or povwer limits,




FOREWORD

This report presents results of flight tests and computer cimulations to
investigate the effectiveness of speed brakss :or increasing dive angle,
deceleration capability, and maneuverability cf the T"~FT7 aireraf+. This
program is part of a four-phase investigation of the flight characteris-
tics of the S-6T7 aircraft as a representative high-speed winged helicopter.
Investigations of the stabilator, aircraft maneuverabiliity, and a Feel
Augmentation System (FAS) are also part of the flight investigation of the
S-6T. The FAS is a system to provide "force—feol" in ~iteh,
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The work was performed by the Sikorsky Aircraft Divisicn of United Airoraft
Corporation for the U.Z. Army Air Mobility kesearch and Develcpment
Laboratory, Fort Eustis, Virginia, under Cont:zact ThAT02-T1-0=0C009, LA Task
1F16320LD1570k., Mr. Z. C. Dumond wat the Arm: :
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INTRODUCTION

Experience with highi-perfcrmance helicopters has indicated that aerodynamic
speed brakes would improve control characteristics and maneuverability.
They should r-duce uircraft ccceleration in a dive as well as reduce ving
lift. This would ; -rmit zteeper dives and rapid decelerations.

Wind tunnel testing of the aerodynemic effects of speed brakes resulted in

the present arrangement of siy unrerforated panels mounted on the wings of
the S-67 aircraft.

The speed brakes on the S-67 aircraft were evaluated in flight tests to
determine their effectiveness for increasing dive angle, deceleration
capability and maneuverability on a high-speed winged helicopter. The
test results were correlated with a computer simulation study, and the
simulation was used to predict the effects of different brake areas, sta-
bilator bias angle and asymmetric brake deployment.



DESCRIPTION CF AIRCRAFT

The S-37 demonstrator is a high-speed derivative of the Sikorsky SH-3D

helicopter. A view of the aircraft is presented in Figure 1. The low-drag
sirfrare van deaignod to et ramirements of an attack mission. The cock-
pit is arranged in tandem,with the gunner in the forward seat and the pilot
in the aft, elevated seat. The pilot has visibility down to minus 15 degrees

T T T el s . W Al Fines e romezed in une oeim Foxtor gyElon
above the fuselage center section.

Main rotor hub, tail rotor, drive system, and transmission systems are all
SH-3D dynamic components. The main rotor has five S-61F blades, each with a
twist of -4 degrees. The 22-inch blade tips are swept back 20 degrees to
delay tip Mach number effects. The contirol system uses SH-3D components and
the CH-54 automatic flight control system.

The fixed-wing type control surfaces include a stabilator, a fixed vertical
stabilizer, and sponsons with stub wings for additional 1ift . The tail
wheel is attached to the base of the ventral fin, and the retractable main
landing gear is housed in the wing. The wing panels have speed brakes to
control dive angle and increase deceleration capability. Flight control
sensitivities are listed in the table below.

PLIGHT CONTROL SENSITIVITIES

Servo Travel Blade Pitch Stick/Pedal Flade Pitch

per Inch per Inch Travel Travel
(%) (%) (in.) {der)
Longitudinal Cyclic 7.2 1.7 1k 2h
Lateral Cyclic .2 1.k 1k 16
Pedals ok .G¥ 7215 L,oT* 51.¢
{(Tail Rotor) (1111 Fotor)
Collective 10.5 1.7 Q.5 16

* Working range, at constant collective




Principal dimensions and general data for the 5-67 aircraft are as rollows:

Main Rotor
Diameter
Normal Tip Speed (1047% N
Disc Area
Solidity
Number of Blades
Blade Chord
Blade Twist
Airfoil Section
Articulation
Tip Sweep

Tail Rotor
Diameter
Tip Speed
Disc Area
Solidity
Number of Blades
Blade Chord
Blade Twist
Airfoil Section

Pitch Flap Coupling

R

)

62 ft
686 ft/sec
2
3019 ft
0.0781
5
1.52 ft
-4 deg
NACA 0012 MOD
Full Flapping and Lagging

20 deg

10 ft 4 in.*
700 ft/sec
83.9 £t°
0.1885
5

0.612 ft
0 deg

NACA 001< MDD

45 deg

¥ During flight tests, diameter was increased 3 in. to 10 ft. T in. to
increase latersal low-speed flight capability.




Fuselage A

Overall Length 64 ft 1 in. ?
E Overall Height 16 £t 3 in. ;
E Overall Width 27 ft b in. 3
;; Wheel Tread T ft ?
; Wheel Base 36 £t 2 in. 4
é Stabilator
ﬁé Root Chcrd L ft 2 in. 4
- Tip Chord 2 £t 1
;3 Taper Ratio 0..L48 2
fy Area 50 ft2 3
i. Span 15 ft 6 in. }
j{ Aspect Ratio L.8 :
1 Airfoil (Root) NACA 0015 !
E Airfoil (Tip) NACA 0012
. Vertical Fin |
Root Chord 7 ft 6 in.
Tip Chord (Upper) 2 ft 10 in.
Tip Chord (Lower) 2 ft 9 in. E
L Taper Ratio (Upper) 0.52 ‘
3 Taper Ratio (Lower) 0.5
”5 Total Ares 68.7 rt2
3 Aspect Ratio 2.65
'% Airfoil Section HACA LL1S
Wing
Root Chord L ft 5 in. E
3 Tip Chord 1 £t 11.5 in. k.
ﬁ Overall Span 27 ft b in. 1
; Total Exposed Area 58 fte
1 I~cidence 8 deg
4 Dihedral 10 deg .
Quarter Chord Sweep 10 deg 15 min ]
Taper Ratio (Exposed) 0.4k

Aspect Ratio 8.0




Wing (cont'd)

Alrfoil Tecticrn, oot

Airtroil Seerior, b 3

Propulsion System

Engines

Takeoff Power (Zna V)
Military Power
Normal Power

Transmission Rat. ..g

Loading Ccnditions

Empty Weight*®

Maximum Gross Weight Flown
Maximum Gross Weight Capability

Center-of-Gravity Range

“AMlrerart {eon Tael

s Py lond | and crew.

Two TS8-GE-5

1500 HP

1400 HP

1250 HP

2800 HP (1118 ~nfine torpue

14900 1b
18000 1t
21800 1b

258 in. to 276 in.




THE S-uF SPEED BRALEC

Initial wind tunnel testing of a one-twelfth scale model of the H-07
evaluated an aerodynamic braking surface attached to the main landing
gear (Refecence 1). Fvualuation of other speed brake locations (fuselwce,
wing, ana ventral fin) indicated that wing-mounte i surfnces were the most
effective,  Wind tunnel aatn predicted an incrense of 1997 i1 total
craft drag at zero fuselage incidence. Morcover, wing lift could be
reduced for better autorotation characteristics, and for roll control

through wsymmetric deployment.,

u

Flgure o oshows the location and gimensions «f *he U= 7 npeei Lrakes.

brafkes extended.  The unperfornted Yrave panels D{e O]oasho Wit the

surface under normal lignt conaie
angles to the wing chuordline. AVl
-

tens, and extend o oa jesition nt
t

Figures 4 oand b snow {n=Clipht Cront v.oews U e nireprafr ~lenn oand
[ +

d rure surinces are actuuted Ly oao§
tydraulic astuntor. Norme) time Cor o Gyenlng or o closing Yrares s 0L °
seeonds,  The nctuntor control s oornotne pil v t's collective scick, nn
energency retractionoswicen ds oor ctne emergency pnnel CFigure S
Win! tunnel data are presented dno Appendin DL osnowing the ofTecty 0
wing nnd specd Yrares oot sl oalrerart i) plieninge moment, i
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One aecelerating left turn was performed from 100 knots to 100 knots,
using speed brikes. Deceleration time was 10.0 seconds, including a
l.2-second deluy after trake extension before rolling into the turn.
Brake retraction was iritiated after pussing 60-degree bank, which in-
creased pitch rate and load factor. Thereafter, aft cyclic and down
collective were emprloyed to complet: the maneuver. BMean turn radius was
530 feet. Main rotor pushrod loads were at approximately the same level
as on previous turns, but staticnary control lecads were 50-60% higher.

COMPUTER SIMULATION STUDY

Aprendix I1 descrites the computer simulation and shows the comparison of
simulation data with flight test data. The simulation was used to predict
the effects on dive characteristics of increased brexe effectiveness and
stabilator bias angle, and to briefly study asymmetric brake deployment.
The light aft load condition (2) was used, with a stabilator bias angle

of 2.5 degrees,

Increased EBrakle Zifectliveness

Figures 1% and 195, previously mentioneld, show dive angle and fuselage
angle of attack inforzuation developed a* the 1L,E00-1t aft (#2) load
condition with and witnout spreed traxes. Figures 15 and 22 illustrate
tne effects of increased trude efrfectiveness. Additicral brake area
should te lccated cn wue lower ventiral i, where drag forces would

..
o

S

o
oo

airfraze tc <he Ulignt pati and turtisence would rnot impinge
cl surraces. The simulaticn results ch~w that a dive angle

on eny con.r
of 3u degrees is russitle at 16U rnots. Also, tne increased Lrake area
further reduces veriation in Suselose wgle O altach.

LiTecL of Jtal..ulr rluS Al

The fuselage attitulde, e was nose up relative to tie fiignt paln in a
trizmmed dive and varie: witn sreed arnd rate of descent, reeching abtout
i3 Jdegrees o

L ozminioum torgde. The speed brares reduced angle of attack
4

by up to = degrees (Figure 1o, at a given Jive angle and speed, but
greater pitch countrol tan te  trained Uy varying stabilator tias angle.
The dive srmrpcteristils were ectutliicne using e simulator with a
sLullilator L.oas ang.e 0o leprees Jeulding edfe up, relative tc the
neutrel pesit.on, rather thw, tne . JH-degree Slignt test bias angle, ‘o
determine wny sienificnnt snmee nLowneie of nttack.  From F

and O3, wngle ¥ oatiaca n oreluaced Uy oas much ous o degrecs Wl
{

E SERSEER B O N RS R -
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Asymmetric Deployment

A short study was conducted to predict the consequences of asymmetric
speed brake deployment due to actuator malfunction. The simulator was
used to determine controllability in high-speed level flight with every
configuration of exlended brake surfaces. Identification of the six
brake surfaces is consistent with the original wind tunnel nomenclature
Reference 1, and is shown in Figure 2L.

Because of the asymmetry of lateral/directional control, the ability to
trim the aircraft differs when considering left or right brake extensions.
The simulations showed that when brakes are asymmetrically deploved, at

4 forward speeds up to 180 knots, there is always sufficient rol.i control

3 power tc retrim the aircraft, althcugh some deceleration will occur due

E: to available power and/or collective limits. For example, if surfaces

1, 2, and 5 are opened at a forward speed of 180 knots, while 3, 4, and

6 remain closed, the aircraft will decelerate to about 160 knots because
of the engine power limit, with the pilot able to restore and hold the

ﬁ aircraft at zero roll angle. At entry speeds below 145 knots, trim can
3 be restored at the same speed following any configuration of speed brake
E deployment.

S

; 13




CONCLUSIONS

The wing-mounted speed brakes on the §~67 aircraft increase dive angle
and reduce the fuselage attitude relative to the flight path (fuselage
angle of attack). They permit increases in dive angles from 5 to 7
degrees at 140 kaots depeadent upo. the initial dive angle. At 160
knots, the increase in dive angle varies from 8 to 9 degrees. The
increases in aircraft dive angle due to speed brake extension can be
further increased if the aircraft is allowed to accelerate in the dive.
For dive speeds greater than 120 knots, the fuselage angle of attack is
reduced 4 to § degrees by extending the speed brakes. The increase in
dive angle and/or the reducticn in fuselage angle of attack while
maintaining airspeed by the use of speed brakes imprcve the S-67
aircraft's capability as a weapons platform.
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Figure b In-Flight Front View, Speed Frages Fxtended,
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Extended, GW = 14,800 1b,

cg = 276 in.

] 120 B i = | L=
| | |1 %0 LIMIT |
': S ; ———— ~=ﬂ—_—1=d-_
ol L [ ] 7
- DIVE ANGLE , y = 0% el |
y —;20°
! = FUSEL AGE |
3 ANGLE OF |
[:JD:J 80 T ATTACK ,
& A Jlap =gt -
5 o
3 |
w B0
=
¢ )
=
1 -~
o 40
L
&
: & 20
. (1
0
. BO 160 120 140 160 180 200
FORWARD SPEED , V , KNOTS
.i Figure 15. Simulation of Dive Characteristics, Speed Brakes

220




V, KN
=0 VY 80 )
o O 100 A

80 |— O 120 a0

p=d /,
o) A 140 /,®/
= -
= 8O 150 ,/Iﬁ‘
S g0l O 70 A
Q D 180 /A?’
2‘) D //CS’
o /(;5/,

5 w 40 /"f/"

g 2 (/ p

' ﬁ’ L_) /r ) 7

w f
- 20 £
o DA ¢ —QO— SPEED BRAKES EXTENDED
= # ~-{-- SPEED BRAKES RETRACTED ]

4 /
~ / N
0 20 40 60 80 100 120

REQUIRED ENGINE TORQUE , Q¢ , %

Figure 16. Collective vs. Engine Torque, GW = 17300 1b,
cg = 276 in.



B
O

o

™

o
¥y
o
~
L
_J
O
2
<
Ll
=
o

igure 17.

20 40 60 80 100
REQUIRED ENGINE TORQUE ,Q¢ , %

Dive Angle vs. Engine Torjue and
Gw = 17300 1b, cg = 276 in., U}

3

120




A R

M3

KNOTS

m

DEG

£y

TAIL ROTOR BLADE

PITCH ANGLE , 8+g
=

__LIMIT FOR ADEQUATE
CONTROL MARGIN
i

__/L C _:__":: 81 -TLIM._.TI OF :TRZ\_/EL

""B 2 2 L H |
0 20 40 60 80 100 120
5 REQUIRED ENGINE TORQUE , Qg . %

r S

s 20

1

o D »
R e N

igure (2. Tall Fotor bit-n vs. Fueine Torpue and Forward

srena, gw = g ° o X S B

y R 1
xtende :.

Gz

153 o o | o0 o PsRg

Tadee:

<

Lt S




\

20
i IME .

;

§ L =4
i
gj o ég 85 [=} i$ gi 9 io ~ o o ge 8 go g o
930 930 s 0001Xx 1334 [ ]
118 HILld *"11¥ 7704  7H03d H3000Y © 161A30 1B " 3IXYNB 033dS 'S3INDEOLINY
o
[ / |7
> r °
»
s ! ! 2
( o
o~
| | (=
{ pust
r v + r - r r v I, v o
g g o o~ — o gé 8 50 gs 8 ;o g § 8 8f B io
N 9 ] s o | ]
'033d4SulY "¥01264 QB0 “3A14237703 ‘2172427 9N0T *0334S HOL0Y *I17JAD° 1W0

SECONDS

SECONDS

TIME,

ransient Ef

~
.

Hipure 19.

Fixed .

13

Controls




\
R
Ri © & R ° 3

235/930
‘3iuy HILld

é:ﬁ ] =°

-20

§

930 1333

1
*ULIY MOL )G TWw3d3d B300NY

8t

L]

)

R

]
Jela30 L Tu o 3Imue8 03305

po

- & 8

.
"S3IMOMDL o3

«0 50

30

SECCNOS

oW

T

10

———k

©

g 8

b 9
"¥01J¥3d Guo?

i :

$
“3A11337700 CD10kD DT

"033d5H1Y

1104

g8 €& és 2 -°

-

| ] 1
03345 #0104 217040 1N



E IR O - - £ 3

-—

232
3 ’
Jav D3l Thel3g B 3IT0ONN LT Yoot C33eS SITOEOL OMI

S§ CONDS

12

e

P R S

B 2 i® 2 g @

{ 0 ] [ ]
033s5n 1 WOy OudDY C 341103000 T3 ML) At c033gS MOIOH D1 101D Lty




g 120

NN OE LIt
-
3 o
ki
=
‘:__IJ' af
=
r
i
P.'_
=
A |
Pl
k. Y
= WU
kil
x
o
] wi 20
A 1 8
3 L0 L
O
80 100 12 140 160 180 200
FORWAFR  SPEED . v ., KNOTS
Vigaure o n Liwe tarncter n HE raresn
pres el e ! £ -
’ ‘O rare Aren




Q

100

(0]
O

60

20

REQUIRED ENGINE TORQUE , Qf .

1% Qe LINIT

80

Dl\'f :\""GME f
- FUSEL AGE
ANGLE OF
a.‘ATT:'«C"( \
= I
W /
100 120 140 160 180 200 220
FORWARD SPEED , v , KNOTS
e ey ¢ 1 . v ter Lt Lpee !l Braresn
ates el L e R L S A 8 ]




Al

1

'
t
4

9

,’n




LRSI AR

fended

3

4

el
N L4

&




q

PLRWE (0

HLIR

L

— . -

060

L

b
Y.
=L R

-
[
m

..
.
h
L 1
LT

&

-

"
+

#

-
- ]
& - - ‘EH).
- HHHﬁLH11=~—ﬂF*JJﬁf!L
. - = = - [ E o | s
T ol ol BTl W ATTAE i ¥ . -'\:l
3
A e
;: - _‘\“"_;::" " H!":'FL—*:
- tapi:hﬂfﬁ;
i
L B o] a 6
FUSELAGE ANGULE CF ATTACK . a, .DEG
Flgure o5 Vot Wind Taee foment

Atack
th o Wings, ned Crend Hrenkes

ntn, Jhowlng LIS, Tleving
- r

nnd Irag o vo. Fuselnge Angle o
lesn Wings, Wi

HExterdey,

ece o

or Totn

1
1 Alreraf
‘etracted and

G b

an

Ty




i
i
.

APPENDIX II

COMPUTER SIMULATION STUDY

DESCRIPTICN

The General Helicopter Simulation Program described in Reference 4 was
adupted to Sikorsky . ircraft's PDP-10 digital computer to simulate the S-67.
The six-degree-of-fre ~dom simulation used a rotor model with a rigid five-
tladed four-segmented blade elemert analysis including the rotor flapping
degree of freedom. Isnlinear ste .:y-state rotor blade airfoil section aero-
dyrnamic data were used that include the effects of stall and compressibility.
Two-dimensional flow was assumed al each section of the blade.

Wind tunnel data from a one-twelfth scale model test of the S-6T7, Reference 1,
were used to describe the force and moment contributions of the combined

wing, fuselage, stabilator, and vertical tail. Speed brake contributions

to the aircraft fcrces and moments were incorporated as additional components
to those for the basic aircraft. The wind tunnel data included the effects

of aircraft angle of attack and stabilator incidence on lift, drag, and
pitching moment.

CORRELATION WITH FLIGHT TEST DATA

»
Hover

In hover, two adjustments to the simulation were necessary to obtain
satisfectory correlation. Main rotor blade twist was increased by 2 degrees,

and a 2-inch lateral center-of-gravity shift to the left was applied at the
light gross weight conditions.

The 5-67 rotor blades show some degree of aerodynamic twisting with the
20-degree swept tips. Under normal trimmed flight conditions, the blade
loadings are high at the blade tip. Since the center of bressure of the
swept tip is behind the blade torsional axis, aeroelastic twisting results.

The lateral center-of-gravity offset to the left brought the trim latersal
cyclic requirement into agreement with flight test data. This center-of-
gravity offset is erxpected, since the tail rotor and the vertical tail are
positiored tc the left of the aircraft centerline.

Forward Flight

In forward flicht, the blade aerodynamic twist correction for collective

pitch correlation varied with speeds above 80 knots. Above this speed the
correcticn diminished linearly to -0.5 degree at 182 knots. A leading-edge-
up stabilator bias angle ccrrection of 2 degrees was needea to correlate
longitudinel cyclic and airecraft attitude. This is due to some inaccuracies
it predicting main rotor downwash at the stabilator.




Figure 26 shows the results of the correlation in hover and forward flight
for the light-gross-weight aft-center-of-gravity condition, with speed
brakes retracted and zero stabilator bias angle. Specific flight test
points were simulated using the proper gross weight and density altitude.
From hover to 80 knots, the simulation points are connected by a dotted
line to indicate that no correlation wes attempted in the low-speed regime.

At high speed, the rotor model requires extremely high power at moderate
rotor stall. This is because two-dimensional flow at the rotor blade
section was used, omitting the spanwise component ,

To correlute flight test values of longitudinal cyclic and aireraft pitch
attitude in torward flight with speed brakes extended, a reduction in tle
Pitching moment wazo aecessary, equivalent to that produced by 9 square

feet of drag area. The wind tunnel model speed brakes were fixed flush to
a solid wing, whereas the extended brakes on the S-67 leave s hole through
the wing and a l-inch slot between the brake panel and the wing, as shown
in Figure 2. The resulting aerodynamic inconsistencies between wind tunnel
and flight test conditions, and the shortcomings of the rotor model men-
tioned above, hindered exact simultaneous correlation of aireraft attitudes,
centrol quantities and rotor power in level flight.

Figures 27 through 29 show the results of the correlation for different
gross weights, center-of-gravity positions, and stabilator birses.
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